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Abstract

Purpose To conduct a linguistic and psychometric evaluation of a Chinese version of the Nonrestorative Sleep Scale (NRSS).
Methods The Chinese NRSS was created from a standard forward—backward translation and trialed on 10 Chinese adults.
Telephone interviews were then conducted with 100 adults, who completed the Chinese NRSS, the Pittsburgh Sleep Quality
Index (PSQI), the Athens Insomnia Scale (AIS), the Center for Epidemiological Studies Depression Scale (CES-D), and the
Toronto Hospital Alertness Test (THAT). A household survey was conducted with 20 subjects, followed by a confirmatory
factor analysis (CFA), and a bifactor model was developed to evaluate the reliability and validity of the NRSS.

Results The bifactor model had the root mean square error of approximation (RMSEA), standardized root mean square
residual (SRMR), and comparative fit index (CFI) of 0.06, 0.06, and 0.97, respectively. Convergent validity was shown
from the moderate associations with PSQI (r=—-0.66, P<0.01), AIS (r=-0.65, P<0.01), CES-D (r=-0.54, P<0.01),
and THAT (r=0.68, P <0.01). The coefficient omega (0.92), omega hierarchical (0.81), factor determinacy (0.93), H value
(0.91), explained common variance (0.63), and percentage of uncontaminated correlations (0.80) derived from the bifactor
CFA supported the essential unidimensionality of NRSS.

Conclusions The Chinese NRSS is a valid and reliable essential unidimensional tool for the assessment of nonrestorative
sleep in the Chinese population.
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Introduction

Nonrestorative sleep (NRS) is generally defined as subjec-
tively feeling unrefreshed even after sufficient sleep [1]. It
is listed in the Diagnostic and Statistical Manual of Mental
Disorders (DSM) 1V [2] and the International Classifica-
tion of Sleep Disorders 3rd edition (ICSD-3) as one of the
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primary defining symptoms of insomnia [3]. However, it can
be a manifestation of sleep problems or disorders in itself
without co-existing with other symptoms of insomnia [4].
DSM-V [5] lists NRS as “other specified insomnia disor-
der” or “unspecified insomnia” if its characteristics meet the
standards for frequency, duration, and influence on daytime
function without other sleep disorders.

NRS is more prevalent than other sleep difficulties, such
as difficulty in initiating sleep [6]. It was reported that 11%
of the general population in seven European countries were
affected by NRS [7]. NRS may induce minor nonfatal acci-
dents during work and leisure time [8], weaken general
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psychological well-being [9], impair quality of life [10],
cause mental problems [4], and even result in suicidal idea-
tion [11]. In addition, diabetes, chronic fatigue syndrome,
fibromyalgia, and some other diseases are strongly associ-
ated with NRS [12-14]. Hence, NRS has gained increasing
attention over the years as a treatment target.

Despite the clinical significance of NRS, no standardized
assessment tool for NRS was available until recently [15].
NRS is associated with decreased daytime function, which
involves physical, cognitive, and emotional aspects [16].
Therefore, the development of a standardized questionnaire
is critical for obtaining a complete and profound understand-
ing of NRS. In view of this, Wilkinson et al. developed the
Nonrestorative Sleep Scale (NRSS) in 2013, the first instru-
ment to assess NRS. The NRSS comprises of 12 items in
four NRS domains, namely refreshment from sleep, physi-
cal/medical symptoms of NRS, daytime functioning, and
affective symptoms of NRS [17]. It was developed from an
original pool of 34 items after input from sleep and psychi-
atric experts as well as patients requiring sleep assessment
[17]. The internal consistency of the scale was demonstrated,
and the Cronbach’s alpha for the four domains ranged from
0.64 to 0.85. Construct validity was also demonstrated with
significant associations with sleepiness, insomnia, fatigue,
depression, and lack of alertness. The 12-item NRSS was
found to be reliable and valid for the assessment of NRS.
However, the scale had not been culturally or linguistically
adapted for the largest population in the world—the Chinese
population.

There are known differences in sleeping habits and atti-
tudes across various ethnic groups [18]. It has been reported
that Chinese people have poorer sleep quality as compared to
Western populations [19]. However, the NRS of the Chinese
population has been less studied due to the lack of standard-
ized measurements adapted for this population. This study
aimed to culturally adapt the NRSS for a Chinese popula-
tion that might help investigate the prevalence of NRS and
enhance the epidemiological understanding of sleep issues
among Chinese populations.

Methods
Participants

Eligible subjects for the study comprised of adults aged
18 years or above who could communicate in Chinese.
Those not motivated to participate, unable to understand
the study procedures were not recruited. Furthermore,
hypertension is associated with sleep deprivation. Drugs
for hypertension or sleep problems are deemed to improve
sleep but how they may influence NRS is not well under-
stood. Moreover, people under treatment of mental illness
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may give inconsistent responses. Finally, the NRSS involves
questions on daytime functioning that may not be relevant
to people engaging in shift work. Therefore, people taking
drugs for hypertension or sleep problems, being treated for
mental illness, or engaged in shift work were excluded. We
gathered 100 participants for a telephone survey and 20 for
a household study. Most validation studies conducted pre-
viously used 2-20 subjects per item to validate their scales
[20]. In view of the 12 items of the NRSS, 120 subjects were
deemed reasonable.

Procedures

We conducted a telephone survey between March 14 and
April 11, 2017. We obtained a publicly accessible residen-
tial telephone directory from the local government. Using
simple random sampling, a set of telephone numbers was
drawn out. These numbers were taken as seeds to gener-
ate another set of numbers, whose last digits were “plus or
minus one or two” to capture the unlisted numbers. After
removing duplicated numbers, the remaining numbers were
mixed in a random order before the telephone calls were
made. When there was more than one eligible person living
in a household, the one with the upcoming birthday was
selected. In each interview, the Cantonese-speaking research
assistants read out the questions written in traditional Chi-
nese. A total of 400 telephone numbers were dialed, and
198 phone calls obtained a response, of which 100 subjects
consented to participate, resulting in a response rate of 51%.
A household survey was conducted between September 2016
and July 2017 with similar selection criteria. Households
were randomly selected from a representative sampling
frame obtained from the Hong Kong Census and Statistics
Department. When there was more than one eligible person
living in the household, the one with the next birthday was
asked for their consent for participation. The study protocol
was approved by the Institutional Review Board of the Uni-
versity of Hong Kong/Hospital Authority Hong Kong West
Cluster (Ref no.: UW16-326).

Linguistic validation of the Chinese NRSS

Following standard validation guidelines [21], two registered
nurses independently translated the NRSS into traditional
Chinese as used in Hong Kong and reached a consensus
on the Chinese version. This version was back translated
into English by an advanced practice nurse and reviewed by
[KW] and [CS]. Discrepancies were identified, and minor
revisions were made to clarify the meaning of the terms
“physical or medical problems” (Q6) and “alert” (Q10).
After further review of the Chinese NRSS by a clinician spe-
cializing in sleep [MI], the Chinese NRSS was administered
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on 10 subjects to assess the clarity and relevance of the
items.

Measures
Nonrestorative sleep scale (NRSS)

The original English NRSS comprises of the global scale
that included all the items as well as four subscales—
refreshment from sleep (3 items), physical/medical symp-
toms of NRS (4 items), daytime functioning (3 items), and
affective symptoms (2 items). Items under the subscales
of the physical/medical symptoms of NRS and the affec-
tive symptoms of NRS were negatively worded, while 10
items used the 1-10 Likert scale and the other two items
used the 1-5 Likert scale [17]. A scale score was taken as
the total of the corresponding item responses standardized
on the 0-100 scale. For instance, the raw total of all the
items ranged between 12 and 110, and the global score was
100 X (total — 12)/(110—12).

Pittsburgh sleep quality index (PSQI)

The 19-item PSQI questionnaire assesses sleep quality dur-
ing the past month [22]. This index has been used widely
among general and clinical populations across countries.
The items, each rated on a 0-3 scale, are grouped into 7
components. The total score ranges from 0 to 21, with a
higher score indicating poorer sleep quality [22].

Athens insomnia scale (AlS)

The AIS is an 8-item self-report questionnaire that estimates
sleep difficulty in the past month [23, 24]. Participants grade
their sleep quality on a scale from O to 3. The total score
ranges from 0 to 24, with a higher score corresponding to
poorer sleep quality [24]. The AIS has been widely adapted
in different languages with proven reliability and validity.

Center for epidemiological studies depression scale (CES-D)

The CES-D, a 20-item self-rating scale for evaluating
depressive symptoms, is used to screen subjects with depres-
sion and evaluate the severity of depressive disorders [25].
Each item is graded on a 0-3 scale. The total score ranges
from O to 60, with a higher score indicating greater severity
of depression [26].

Toronto hospital alertness test (THAT)
The THAT comprises of ten self-rating items developed to

estimate perceived alertness during the past week [27]. Each
item uses a 6-point Likert scale in the 0-5 range, with the

last two items being inversely scored [27]. A higher total
score indicates higher alertness.

Statistical analysis

The scale scores were summarized using descriptive sta-
tistics, with the floor and ceiling percentages reported to
assess the scaling properties of the questionnaire. The floor
and ceiling percentages of a scale indicate the percentages
of participants with the lowest and highest plausible scale
scores, respectively [28].

The factorial validity of the original four-scale model
was assessed by a confirmatory factor analysis (CFA). The
item scores were treated as continuous, since there were ten
response categories in ten items and five response categories
in two items. Robust maximum likelihood (MLR) estima-
tion was used to account for any mild-to-moderate viola-
tions of normality [29]. Robust fit indicates were reported.
The model fit was examined by the root mean square error
of approximation (RMSEA), standardized root mean square
residual (SRMR), and comparative fit index (CFI) [30]. The
fit was considered adequate when the RMSEA was 0.06 or
below, the SRMR was 0.08 or below, and the CFI was 0.95
or higher [31].

Further psychometric evaluation of the Chinese NRSS
was made using a bifactor model [32]. Coefficient omega,
similar to Cronbach’s a but overcoming the strong assump-
tions of unidimensionality and equal factor loadings of
the latter, were calculated to assess internal reliability. An
omega value of 0.7 or above is recommended to demonstrate
a reliable total score [33]. Moreover, an omega hierarchical
(omegaH) value was obtained to assess the percentage of
variation attributable to a single general factor. An omegaH
of at least 0.8 has been suggested to indicate reasonable
unidimensionality [32]. In addition, factor score determi-
nacy and construct replicability were evaluated by factor
determinacy (FD) and H index values, respectively. An FD
greater than 0.9 indicates adequate factor determinacy, and
an H value greater than 0.8 indicates adequate construct
replicability [32]. Furthermore, explained common variance
(ECV) is recommended to be greater than 0.7 and percent-
age of uncontaminated correlations (PUC) greater than 0.7,
the unidimensional model was evaluated as well [32]. The
corrected item-scale correlations were used to assess the
reliability of the Chinese NRSS. To examine convergent
validity, we obtained the Spearman rank correlation coef-
ficients of the Chinese NRSS with the PSQI, AIS, CES-D,
and THAT.

Data analysis was conducted in SPSS (version 23) and
RStudio-1.1.383. The package “lavaan” under RStudio was
utilized to conduct the CFA [34]. The statistical indices of
the bifactor model were calculated using a freely available
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calculator [35]. The nominal level of significance was found
to be 0.05 for all statistical tests.

Results

Demographic characteristics and NRS status
of participants

A total of 120 subjects were interviewed. The characteristics
are summarized in Table 1. The sample had a similar female
proportion and education composition as compared to the
local general population in 2016 [36]. However, the subjects
were slightly older, and 46% of the subjects were retired.
Table 4 summarizes the NRSS global and scale scores.
There were no missing values of the NRSS. The mean global
score of the NRSS was found to be 68.1 (standard deviation
[SD]=16.5). The global score had no floor and a 1% ceiling
prevalence. The other scale scores had a 0-1% floor preva-
lence and 4-26% ceiling rate (Table 4).

Validity and reliability
Factorial validity

Table 2 displays the fit indices of various CFA models.
The 4-factor model and bifactor model were satisfied fitted
(Table 2). Figures 1 and 2 depict the standardized coeffi-
cients of the 4-factor and bifactor models, respectively.
Table 3 displays further statistical indices derived from
the bifactor model. The coefficient omega for all scales was

Table 1 Characteristics of 120 subjects

Characteristics n %
Mean age + SD (years, 5 missing) 56+19
Gender
Male 54 45
Female 66 55
Educational level (1 missing)
Primary school or below 26 22
Secondary school 51 43
Bachelor or above 42 35
Occupation (1 missing)
Employed 27 23
Self-employed 6 5
Employer 4
Housewife 18 15
Seeking job 3 3
Retired 55 46
Student 6 5

SD standard deviation
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Table 2 Model fit indices in confirmatory factor analysis of the Chi-
nese NRSS (n=120)

CFA model 7 statistic Degrees RMSEA (90% SRMR CFI
of free- CDh
dom
1-Factor 159.68 54 0.13 (0.11,0.16) 0.09 0.82
4-Factor 58.09 48 0.04 (0.00, 0.08) 0.05 0.98
Bifactor 63.34 43 0.06 (0.03,0.09) 0.06 0.97

CFA confirmatory factor analysis, RMSEA root mean square error of
approximation, SRMR standardized root mean square residual, CFI
comparative fit index

found to be at least 0.71. The omega hierarchical for the
global scale was 0.81, and 0.10-0.44 for subscales. Only
the global scale had FD and H values greater than 0.9 and
0.8. Furthermore, ECV and PUC were found to be 0.63 and
0.80, respectively.

Internal reliability

The corrected item-scale correlation of the Chinese NRSS
ranged from 0.33 to 0.80 for the subscales and 0.34 to 0.76
for the global score (Table 4).

The global score was highly associated with the other
scales, with correlation coefficients ranging between 0.59
and 0.84. The other scale—scale correlations were moderate,
ranging from 0.32 to 0.65 (Table 5).

Convergent validity

The NRSS was moderately but statistically correlated in a
significant manner with the PSQI, AIS, CES-D, and THAT
in the range of 0.31 to 0.68. The affective symptoms NRS
scale had a relatively weak correlation of 0.31 with THAT
(Table 6).

Discussion

This is the first study to assess the psychometric perfor-
mance of the NRSS in a Chinese population. We rigorously
translated the NRSS into Chinese and demonstrated satisfac-
tory internal reliability and satisfactory convergent validity
of the Chinese version. The bifactor model displayed the
essential unidimensional nature of the NRSS for the assess-
ment of NRS in the Chinese population, which has not previ-
ously been examined. Moreover, given the 4-factor model
was appropriate, the four scales may be utilized as in the
original English version.

The bifactor analysis demonstrated the essential unidi-
mensionality of the instrument. First, the global score scale
had a high omegaH of 0.81, which is merely 11% lower than
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Fig. 1 Standardized coef-
ficients of a 4-factor structure
for the 12-item Chinese NRSS
(n=120)

its omega, whereas the group scales had a generally low
omegaH. Second, only the global score had adequate FD
and H values, indicating that the global score has adequate
factor determinacy and construct replicability. Moreover, the
ECV demonstrated that the general global score explained
63% of the common variance of the data, with the remainder
attributable to the four group scales. Furthermore, the large
PUC indicated that the parameter estimates of a single factor
were likely to be unbiased [32]. Hence, the global score is
an adequate indicator of NRS.

The corrected item-scale correlation assesses the extent
to which an item is associated with its corresponding scale,
and a value greater than 0.3 is necessary [37]. In this study,
the corrected item-scale correlation ranged between 0.33 and
0.80. Moreover, all the Chinese NRSS scales, including the
affective symptoms of NRS scale that comprises of 2 items,
had satisfactory internal reliability with a coefficient omega
greater than 0.7. Given the reasonable fit of the 4-factor

Refreshment
from sleep

Physical/Medical
symptoms of NRS

Daytime
Function

Aftective
symptoms

Q1: .... rate the quality of your sleep? |
0.84
0.92 Q2: ...sleep is restoring or refreshing? |
0.73 -
Q3: ...felt rested if you’ve slept for your
usual amount of time?
Q4: ... had physical sensations or
unusual feelings ...?
0.39,
0.58 Q5: ....one or more of the following: headaches,
- body pain, numbness or tingling ....?
0.83
Q6: ... physical or medical problems are
0.6 dragging you down?
Q7: ... have a sense of panic, or physical
symptoms of panic ...?
0.78 Q8: ... memory and concentration ...?
0.81 Q9: ... level of daytime energy?
0.88 B .
Q10: ... alert during the daytime?
QIl1: ...depressed or down if you didn’t
0.56 sleep well ...?
083 Q12: ... irritable or gotten the “blahs” if
’ you didn’t sleep well?

model, we also consider the four scales appropriate for the
assessment of NRS.

The Chinese NRSS showed convergent validity demon-
strating hypothesized associations with the THAT, PSQI,
AIS, and CES-D. The NRSS was positively associated with
the THAT but negatively correlated with the PSQI, AIS,
and CES-D, which were similar to their English version
[17]. There was a relatively weaker association between the
Chinese NRSS and CES-D than that between the English
versions. This may be due to the low depression level of
our community-based sample (mean=6.7). In contrast, the
English version obtained participants from a sleep clinic,
many of whom reported comorbid sleep or psychiatric con-
ditions [38]. Nevertheless, to the best of our knowledge, the
measurement invariance (MI) between the Chinese versions
and English versions of the THAT, PSQI, AIS, and CES-D
have not been established well. Hence, our results are only
applicable to the Chinese. Whether or not similar results
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Fig. 2 Standardized coeffi-
cients of a bifactor model for

QIl: .... rate the quality of your sleep?

: : Refreshment 081
Ehe 1]22-z)tem Chinese NRSS from sleep Q2: ...sleep is restoring or refreshing?
n=120) :
Q3: ...felt rested if you’ve slept for your [0.8%
usual amount of time?
0.70

Q4: ... had physical sensations or
unusual feelings ...?

0.33
Q5: ....one or more of the following: headaches,
body pain, numbness or tingling ...?

0.37
Q6: ... physical or medical problems are
dragging you down? 59
Q7: ... have a sense of panic, or physical
symptoms of panic ...? \

0.45

0.6
Q8: ... memory and concentration ...? 0.6

0.52
0.50 Q9: ... level of daytime energy?
043 0.75
| Q10: ... alert during the daytime?
0.36

Q11: ...depressed or down if you didn’t 0.54

Affective
symptoms

Table 3 Bifactor model statistical indices for the Chinese NRSS
(n=120)

Scales Omega OmegaH FD H

sleep well ...?

Q12: ... irritable or gotten the “blahs™ if
you didn’t sleep well?

would be observed in other language groups requires further
examination.

Despite our efforts to conduct a rigorous psychometric
assessment of the Chinese NRSS, the study encountered

Global score 092 0.81 0.93 091 jimitations worth noting. First, our sample size of 120 may
Refreshment from sleep 089 0.10 0.84 034 i1l be limited for the CFA. A study with a larger popula-
Physical/medical symptoms of NRS 071 0.34 0.78 1052 tion is required to further assess the validity of the Chinese
Daytime functioning 087 0.29 0.75 048 NRSS and establish the norms that would facilitate the inter-
Affiective symptoms of NRS 071 044 0.91 064 pretation of individual results. Second, we have not directly
assessed the measurement invariance between the Chinese
and English versions of NRSS, even though the conclusions
regarding the factor structure of the two language versions
are essentially the same. Therefore, we may validly use the

Table 4 Summary of Chinese NRSS scores (n=120)

Scales (no. of items) n Mean (SD) Min Max % Floor % Ceiling Corrected item-
scale correla-
tion

Refreshment from sleep (3) 120 63.9 (21.0) 0.0 100.0 1 6 0.67-0.80

Physical/medical symptoms of NRS (4) 120 71.0 (19.9) 12.5 100.0 0 14 0.33-0.58

Daytime functioning (3) 120 64.9 (20.0) 3.7 100.0 0 4 0.73-0.76

Affective symptoms of NRS (2) 120 71.2 (23.7) 0.0 100.0 1 26 0.46

Global score (12) 120 68.1 (16.5) 19.4 100.0 0 1 0.34-0.76
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Table15 .Scalef—s}::aléh. Scales Global score Refreshment  Physical/medical Daytime
correfations of the Chinese from sleep symptoms of NRS  function-
NRSS (n=120) .
ing
Refreshment from sleep 0.84%#
Physical/medical symptoms of NRS 0.82%* 0.49%*
Daytime functioning 0.81#%* 0.65%* 0.53%#%*
Affective symptoms of NRS 0.59%* 0.46%* 0.42%* 0.32%%
**P<0.01
Tab.le 6 Correlation between Scale PSQI AIS CES-D THAT
Chinese NRSS scores and
global scores of other subjective  Refreshment from sleep —0.52%% —0.54%% —0.447%% 0.55%*
scales (n=100) Physical/medical symptoms of NRS —0.56%* —0.56%* —0.42%% 0.55%*
Daytime functioning —0.47%* —0.47%* —0.38%%* 0.62%*
Affective symptoms of NRS —0.43%%* —0.42%%* —0.47%* 0.31%%*
Global score —0.66%* —0.65%* —0.54%* 0.68%*

**P<0.01

NRSS in studies that administer one language version only.
We did not assess the test—retest reliability and responsive-
ness of the NRSS in this study. Moreover, the average age in
our sample was relatively high. Since the younger popula-
tion is shown to have a higher risk of NRS complaints [7],
the NRSS scores reported in our sample may not neces-
sary translate to the general population. However, given the
range of NRSS scale scores that spanned across the plausible
range, this would have a minimal impact on the assessment
of the validity and reliability of the NRSS. Lastly, given the
essential unidimensional nature of the Chinese NRSS, the
possibility of reducing the length of the NRSS via the item-
response theory must be explored.

In conclusion, the Chinese NRSS is a valid and reli-
able essential unidimensional tool for the assessment of
NRS. The NRSS can help healthcare professionals, clinical
experts, and the public to assess the level of NRS, which can
inform the need for further treatment and health promotion.
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